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Abstract: Neopestalotiopsis cubana Maharachch. is the primary pathogen responsible for leaf spot
and fruit ring rot in guava (Psidium guajava L.). The ADP-ribosylation factor-like protein 8 (ArlS8)
belonging to the ADP-ribosylation factor (Arf) superfamily is associated with lysosomal processes
including localization, trafficking, and fusion. The function of Arl8 in phytopathogenic fungi
remains poorly understood. [Objective] To elucidate the function of Arl8 in N. cubana.|Methods]
An Arl8 gene was identified from the genome of N. cubana and designated as NecArl8. A NecArl8
knockout mutant (ANecArl8) and a complemented strain (ANecArl§-C) were generated via
clustered regularly interspaced short palindromic repeats (CRISPR)-associated 9, (CRISPR/Cas9)-
mediated genome editing. These strains were subsequently analyzed through phenotypic
experiments and RNA-seq. [Results] ANecArl8 showed a reduction of 34.93% in sporulation
capacity and significant increases of 5.74% and 7.39% in inhibition rates by salt and osmotic
stresses, respectively. In addition, this mutant exhibited weakened pathogenicity, as indicated by a
reduction of 5.74 mm in the average spot diameter. In contrast, the mutant displayed significantly
enhanced resistance to oxidative stress, which showed an inhibition rate of —19.22%. After long-
term culture, a large number of vacuolated cells were observed in the mutant. RNA-seq analysis
was performed on ANecArl8 and the wild-type strain to identify differentially expressed genes.
Transcriptomic analysis showed that 2 330 genes were significantly down-regulated and 1 355
genes were significantly up-regulated. Gene set enrichment analysis further revealed that
transmembrane transport proteins were broadly suppressed, and the expression levels of 16 fungal-
type vacuolar-related proteins were significantly down-regulated, suggesting that the structure and
functions of fungal-type vacuoles were seriously damaged. The reverse transcription quantitative
PCR (RT-qPCR) results showed the expression patterns of 9 randomly selected transmembrane
transport genes were consistent with those obtained by transcriptome sequencing, indicating that
the transcriptome data were highly reliable. [Conclusion] NecArl§ may affect the pathogenicity of
N. cubana on guava by regulating function of transmembrane transport. This study lays a
theoretical foundation for exploring the pathogenic mechanism of N. cubana and developing new
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control strategies.

Keywords: Psidium guajava; Neopestalotiopsis cubana; NecArlS8; functional characterization

BB U 8 £ B 18 B (Neopestalotiopsis
cubana Maharachch.)J&—F V2 5345 FIAE Y95 Dt
BRI, TR AR A DA K 3 SR SRS IR
PR B, Bl R T AR . S R
R ARG | AR I B 4 22 Rl s
TETS AR K R 2 30%), FAEHR N &
TIRIR 15%-20%, B E TR . B
it TPl AL 2 B AR I ER ML R Z B 4k
s sems A F B Rl R SORSEPRANE

ADP- 1% #i % b N ¥ # & H (ADP-
ribosylation factor-like proteins, Arl)J& T K il A J&d
GTP Jif§(rat sarcoma GTPase, Ras)/ADP-#% ## 3& 4k,
“F (ADP-ribosylation factor, Arf)#H 53 i 1 B
S, E—EKEERSTH/N GTP 4545 HE M
(small GTPases), HAZ.OIfg il 5 =Wk
1 (guanosine triphosphate, GTP) 4% & (I 1 %) 1k
5 T W% 5 4 (guanosine diphosphate, GDP)%% &
RGBSR, YRR« IO T 4 il
N2 FPOCHEA: B RER Arl S0 5 e 91 [R] U5 P
RS, (IR R C B0k, Hri ADP-
b FAL I FFE 8 H 8 (ADP-ribosylation factor-
like proteins 8, Arl8)xE fif T BEANE , .0 DIhE
RV EHA S S CEN . TR SR A A
WKV, AHFEAS R ) FL D) RE € 7 AR e 2 1k
Gy RPN A8 P fE oW B OFF £
(Caenorhabditis elegans) il 3o 8 45 5 B AK 55 14
TR GG Y A M N FR S SOl BRAE T, ] B
P 5UR SN A5 A AR R AR A 7E A
F/NER AR R Arl8 24 1 5 R A 2R o B iy
FERPHPE R F 3 7F HeLa 400 AR A 2 B0, D
il Arl® AJRe S VAL EFT 2 B R AR A e, PR
ARLSB B\ 2 2 Al FH K6 1 B2 458 B BT i 1)
P dRE 25 MR AR ARLSB 7E 8L FE I 1) ) Y5 4
1 ARLATA WAL i 6F ABA k6 Ab 3 1) 5 55
it BRI R, ArS TR R Y
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EhFF, 7€ HeLa MBS VD ] G B i Rt U R
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HAT, 6T HEET A8 DR b,
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MR . JE AR A8 [R] U DR 3R A 58 AR K
(AMoarl8), FRB53Hr B MoArl8 X 5 I o3 i
BRAERMAFIELT, BUK IR R 2480
PE—2L 05T & P MoArl8 5idi it 25 FH MoGgal 7o
BEAEEAR, HIRe R ek sr T O A s
U A Sk, R R LT Arl8 SR
(T BEMT ST 32 ARG T 51) [m] P 1 4 D HC m] g S
SRS, iz SRt

A5 LA BB U 2 B & A8 25
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J I SCHE YA R 5 A K E H 9 (clustered
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CRISPR-associated 9, CRISPR/Cas9) % [A £ J %5
Fi AR 454 Split Marker [R] 5 52 2H 7 %) NecArl8 F
AT RER , P45 6 RIS 5 RNA-seq 7 5%
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H]; T4 DNA %20, TaKaRa /A7]; DNA BR
eI, FERRCIHRBHL (P EN)VARR AR5 (8]
VR T 2 I, R A A R A PR
Al FORIREL . DNA A BRI &, KR
AR AL ARA R, 1934 8 A LS
HRRIEHBE A RAF T MAAF, 51497

1.2 & Arf g ERE X ERIFE

AR AL FH Al 0L 3 2 B4 PHWZS16
PR B 2 R R A . R e sk A B ok A
ARLBE AT B . PP, A PHWZS16 B
PRI 4 B D A B R AR AR L% 15 728 MR Y
J¥ 5 4 (FASTA #%50). M Pfam % ¥ /% [Pfam is

SN 1 s o now hosted by InterPro (http://pfam.xfam.org/)]

x1 AMHRFEHASI

Table 1  Primers used in this study

Primer Primer sequences (5'—3') Primer Primer sequences (5'—3')

names names

NecArl8 GAGATGGACGTGACTATGAT NecArl8  GCCCTGTCGTTGAAGAGCAT

SgRNA200 SgRNA740

NecArl8§  AATATGAAGAAGGTGACTCG

SgRNA470

NecArl§  CTAGCCATCTCCTGATGAGTCCGTGAGGAC |NecArl8 AAACATCATAGTCACGTCCATCTCGACGAG

200F GAAACGAGTAAGCTCGTCGAGATGGACGT |200R CTTACTCGTTTCGTCCTCACGGACTCATCAG
GACTATGAT GAGATGG

NecArl8 CTAGCCATATTCTGATGAGTCCGTGAGGAC |NecArl8 AAACCGAGTCACCTTCTTCATATTGACGAG

470F GAAACGAGTAAGCTCGTCAATATGAAGAAG | 470R CTTACTCGTTTCGTCCTCACGGACTCATCAG
GTGACTCG AATATGG

NecArl§  CTAGCCAGGGCCTGATGAGTCCGTGAGGAC |NecArl8 AAACATGCTCTTCAACGACAGGGCGACGAG

740F GAAACGAGTAAGCTCGTCGCCCTGTCGTTG | 740R CTTACTCGTTTCGTCCTCACGGACTCATCAG
AAGAGCAT GCCCTGG

NecArl§ . AGGGAACAAAAGCTGGGTACTTCGGCTCTT |NecArl8 CTAGCTCCAGCGGCGCGCCGGTTGCGCTCG

AF GTAATCTCGTCAC AR GTTCCTGAAG

NecArl§ . GATGCCGACCGGGCCGGCCGGTTCCACGGC | NecArl8 = CCACCGCGGTGGCGGCCGCTGCCTTGCACT

BF GGCTTATG BR CCATGTCTTG

NecArl§ . GCCAGGACGCCTCTTTAGT NecArl§ . TTTGTTACCCAGAACGAGCA

ORFF ORFR

NecArl§  ACCTTGCCTTACATACCTCCC NecArl8  GCCGTCTCAACTATCACCGA

seqF seqR

NecArl8 ~ CAATAGCACTTACCCTGCCTCA NecArl8 ~ GCTCCATACAAGCCAACCAC

UahF UahR

25760-F  GGGTCTTAATCTGGGAGGAAA 25760-R  GGAGGACGGTTTGGAAGTAGA

72720-F  GTTGAATCGGGAATACCAGTTG 72720-R GATGCGTTTACGAGGGAGC

075210-F  CCGATGCCGAAATCATAAAG 075210-R  CCGCCTAAGTAGAGGTAGAAATG

007190-F  GATGGTATGGGACTCACAGCC 007190-R  GACGCACGATACGAAGCAG

061140-F  CCTATTGACGGCAACCCA 061140-R  GACTGTTGATAAGCACTATGAAAGC

066530-F  AGCGTCAGACAATGCCTCC 066530-R  GAACCAATACTCCAGCTCCGT

015890-F  AGGAAATCCGACATCACCG 015890-R CCGACTTGTAGCCAATAGAGC

118890-F  CCGATAACGAGTCCAAGCG 118890-R  GGCAGTCTTCTTCTGGGCAT

093710-F  GACATTGCCACCATTGATAAGA 093710-R  TTCTCGCCCGAGTACGTGATGTAGA
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o Arf 4548 5 1 B2 5 Al K A% A (hidden Markov
model, HMM) ( % 3¢ 5 i PF00025), f# H]
HMMER #X {4 hmmsearch iy 26 25 1 51y 51 4
58585 N PF00025 HYRBERIPEAT Huxh, R BH 45
PR T i E-value<1x107° (P41, 2455 34
A Acf S5 BRE SR 1 o R 34 D Arf 45
Fap 38 R 1 &, 38 4 InterProScan 7E£k T H
(https://www.ebi.ac.uk/interpro/search/sequence/) it
— YGRS A A T 1, T 7 ML
— Arf Rk E A . - LS
PHWZS16 Fitk = 4u 7 A1 R R Sl f b 2 3 KA
HoRRBEZRBEHARAWHABER
Neopbctg00000002G00058730.,
1.3 NecArl8 ERMEMERF N

Fl H SMART 7E £t T. H (http://smart.
emblheidelberg. de/) fil InterPro 7£ £& T. H. (https://
www.ebi.ac.uk/interpro/) %} Neopbctg00000002G00
058730 £ [ I PR ~F DI RB ST 70 A, W 46
P REAE D Arl8, [N I fim 44 O NecArl8. fif ]
SignalP 5.0 (http://www.cbs.dtu. dk/services/SignalP/) ,
ExPASy ProtParam (https://web.expasy.org/protparany/) .
TMHMM 2.0 (http://www.cbs.dtu.dk/services/
TMHMM/) %X HF AT B BT . SRk PR K P
O3 AR TR AT o s TRIIERE
NecArl8 & H ¥ 4] 7£ NCBI %5 % JE (https://www.
ncbi. nlm. nih. gov/) ¥£ 17 BLASTp ¥6 R, K55
NecArl8 JE & X REEME AT I, FIH
MEGA-11 % Fle KRR L AT R K E 7
Br, AZEHHT 1000 IRIEERGER B
1.4 PHNWZS16 EHAEFZH DNA 25

PHNWZS16 [ k3l T % 55 4 4 B 1R
1% 3% & (potato dextrose broth, PDB), T 28 °C .
180 r/min i 7 45 5% 2 d, R W 221K T
FE[H 2] DNA $#25, DNA #ECRA ke =
H 3L 98 fk #% (cetyltrimethylammonium bromide,
CTAB)#: .

P4 actamicro@im.ac.cn, 7 010-64807516

1.5 NecArl8 EFE B E NI E KX &%
& FI8E

PIHEERY PHWZS16 B AR H 4] DNA WK
#2 , NecArl8 AF/NecArl8 AR Fl1 NecArl8 BF/
NecArl8_BR 2} 5| 9 43 il % NecArl8 P I
TP AT PCR 973 . PCR R &R . 2x
Tag PCR Master Mix 12.5 pL, . FiF5l ¥
(10 pmol/L)#% 1 uL, #AR 1 uL, A1 ddHO #h 2
% 25 uL., PCR W 2514 : 94 °C 5 min; 94 °C
30s, 58°C30s, 72°C90s, 3£ 32 MEH;
72 °C 10 min; 4 °CIRIE. 28 1.0% HifEPEEER R
PKJE [ PCR 724 [RIRPEE pCX62 ToRE A
SRR I TG Kpn 1 F0 Hind T 2043647 1
I, FEH R PCR =45 5l T pCX62 £k
i, &5 4 5 A 51 NecArl8_AF/HY-R Fil
YG-F/NecArl8 BR R &4 14 H 1y F B, FFH
i 7 DNA gifb Dt &, 3R R 5 &
4R Beo AR R A rERY, o PHWZS16
¥k NecArl8 &K ¥ 1) F| FH H.4% 7] 5 RNA (single-
guide RNA, sgRNA)TEZ: %11 1. H(grna.ctegd.uga.
edu)i&it 3 DM NecAri8 (1) sgRNA, HHA
JFwbE R pYFS15 (MR ik ). @it R
[ (polyethylene glycol, PEG) /™ 5 A% J& AF Jii {4 4%
ERIFEIRE LR T, B sgRNA FIiPE i Bl
ABFA 7 PHNWZS16 [ JFAE R, 765 A
TR MR O R R N 3 SR
(tryptone yeast extract broth 3, TB3)F-#x [ #17FH
PERAL T 08, T PCR 4758 10 ) 36 31F )i 2
R T- G TFI LR 1),
1.6 [E*MEFK ANecArls-C B3R5

DL EY 2R A DNA H ik, M5l 3
NecArl8 3 K o H & Ja s T )% 5, 4 &
NecArl8 F&H [EI 4k K pKNTG,  [R] B 15 11§ 1]
HPH 1) sgRNA, Jf-44 HFipE 2] pYF515, 4 1]
# AR sgRNA T AMBEHT, £ & A G418
() TB3 A s 53k L b ATiE, S 1.5 i
FHIF A PCR J7 iR B0 Uk mI M2 AR A Y] .
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1.7 SEKIERFENE X ACHIE 7R 000

R TR BE 43 0 B BT o8 A G R 3
(complete medium, CM), 544 24 2B iR s 57
F(potato dextrose agar medium, PDA }53E35E)(FH
By v B Ul el Vg A= W ARAT FRZ W) Pl L
28 °CHEFE 6 d Ja Ml H WV HAR ., SCHHE A 31K,
Bl BOF- B AT g1 . [ CM ik
B 3ETF 28 °C. 180 r/min 537 15 d J7, 1)
WA TSR TR 2L, 1l iF I H B U EE 4
WL NFRAE L
1.8 SEBFEENRL=HENE

BRI B AR 3 ) $FhF PDA SFAl I, 28 °C
HidR 10 d 5, JHIC R 28 Rk S B BT 7 2 i
F L I BT o 3 JE AR U8 DL PR TR
2 )E, FER RO T o A g6 A
THE PR . RIS, a7 7Bl TR
R, FERAME PUEAFIIES. B REkE
i3 WREE, BARBCT A,
1.9 BUmHNE

A5 00 TR B 43 S 85 3R T CM MR AR 3% 57 35
28°C. 180 r/min ¥5#% 2d J5, 28°C. 12000 r/min
B0 2 min YWWHEBAZZ o WHER R () 7 A AR S
FTALasE, KR IEmE mEGEmA, Dk
FER R 2210 CM B5 3R X IR e
PR SEE T 28 °C . PRIB R TR IR, b 3.
6. 9 d FrAiCsEBE E AR
1.10  IREEAMENE

P FF I TR AR 2 R T & CM R 3R 5L Y F
M b, FEREFE RIS ISR A R : 1 mol/L
I AL . 0.6 mol/L NaCl, 0.01% + % JLai iR
] (sodium dodecyl sulfate, SDS). 200 pg/mL K|
B 41 (Congo red, CR), 20 pg/mL %% )61 7
(calcofluor white, CFW)#1 3 mmol/L H,O,, ¥l
LRI TCHEKE CM FE 32364 XTI % B
5 mm B R PHER TR g, BT 28 °CHi R
6 d, RT3 XA 2 w75 AR R IE % .
SCE I E 3 MW EER, A A S X

MR A LR, A (DR,
> AbFRZE PR B2 AT

mﬂ%Z“_ﬁ%ﬁ%%;%ﬁ&ég
1.11 RNA-seq l/F

¥ BF A A PHNWZS16., 3£ [ i B bk
ANecArl8 43 5 ff Fl CM W 1K 35 7 5 28 °C |
180 r/min ¥55% 2 d, b UBWCAE 22, iR A
R Ja ik IR G A W B e BHECR RS R AT 5
B S5 Y o 5 R A BT R ) fE 2k )
¥ >F £ (https://cloud. oebiotech.com) #F 17, RNA-
seq M P45 R AEAT BT AT, LRIk AT
% R 4343 M (principal component analysis, PCA).
i 1 1 4 3 22 S 0 R DR EA T i — 25 40 #T [ Q-value<
0.05 H.[log, fold change|>1, Bi%tit &k H 3K
IR AAAE R (fold change, FC)>2].
1.12 RT-qPCR &3

TE 5 35 25 S 0 BE R BE ML B 9 A i
TG SRS 92 62 7 PCR (reverse transcription
quantitative PCR, RT-qPCR) 5| ¥ £ 17 3& [H 1A 1
G318, MREIWIFA AR 1,
1.13 iR

K H Microsoft Office 2019 #1 Graphpad
Prism 10.1.2 BAF X850 Bl AT S8 3 0 iz
Ko Dbt K (r-test) HEATHE T 00 0T, P<0.05 5%
REFHAG L

2 BRE5M

2.1 NecArl8 EHMTFIE R EMIEEEF
T

fd H] HMMER #4: )A PHWZS16 T8 #k 1) 4>
BERN A P i 7 AL B Arf 25 R I fie ik
M, R YIRS R 3Rk & 25 R A AU
KEEREE, 25 0rhE e HARE R ArlS,
[H A 44 N NecArl8 (8l 1A)., NecArl8 FE[H it
182 DML, PRy 7529 20.37 kDa, Hifs
4% H, 45 (isoelectric point, pI)& 6.30, 4r 3N
Co16H1460N2440260S10, Jub LT %0 2 890 4~ P4k

)x100% (1)
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Figure 1 Target protein screening and phylogenetic tree analysis. A: Proteins containing only a single Arf
domain in Neopestalotiopsis cubana and their gene expression levels; B: Phylogenetic analysis of NecArlS.
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Figure 2 PCR verification and sequencing identification of NecArl8 gene knockout and complementation. A:
Verification of ANecArl8 knockout transformants using primers NecArl§ ORFF/NecArl§ ORFR (Lane M:
Molecular marker; Lane 1: CK; Lane 2: ANecArl8; Lane 3: EV; Lane 4. PHNWZS16); B: Verification of
knockout transformants using primers NecArl8 UahF/NecArl8 UahR (Lane M: Molecular marker; Lane 1: CK;
Lane 2: EV; Lane 3: PHNWZSI16; Lane 4: ANecArlS); C: Verification of complementation transformants
NecArl8 ORFF/NecArl8 ORFR (Lane M: Molecular marker; Lane 1: CK; Lane 2: ANecArl8-C; Lane 3:
ANecArl8; Lane 4: EV; Lane 5: PHNWZS16); D: Sequencing alignment results of knockout transformants; E:
RT-qPCR analysis (****: P<0.000 1).
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Figure 3  Observation of colony growth phenotype. A: Colony morphology of the strains on nutrient medium; B:

Colony diameter statistics; C: Mycelial morphology under long-term culture experiment (Magnification: 1 000x,

scale bar=50 pm. Electron microscope magnification: 7 000%, scale bar=2 um). ns: P>0.05.
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Figure 4 Morphology and spore production of conidia. A: Morphology of conidia (Magnification: 400x, scale
bar=40 pm); B: Spore production (magnification: 100x%, scale bar=200 pum). ****: P<0.000 1.
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Figure 5 Determination of pathogenicity of the tested strains on guava fruit. A: Pathogenic lesion characteristics

of guava fruit; B: Lesion size statistics. ****: P<0.000 1.
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Figure 6 Growth of wild-type PHNWZS16 and knockout mutant ANecAr/8 under different stress conditions. A:
Colony growth status; B: Colony growth inhibition rate. ns: P>0.05; *: P<0.05; ***: P<0.001; ****: P<0.000 1.
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Figure 7 Enrichment analysis of differentially expressed genes by RNA-seq sequencing. A: Principal
component analysis of ANecArl8 vs. PHNWZS16; B: Distribution map of differentially expressed genes; C: GO
enrichment upregulation analysis; D: GO enrichment downregulation analysis; E: KEGG signaling pathway
analysis; F: Gene set enrichment analysis.
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Figure 8 Comparison of RT-qPCR expression levels with RNA-seq expression levels for nine genes.
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